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Fig.3

<composite name="“C">
<service name="S-C" />
<reference name="R-C" />
<property name="P-C” type="string”>sample value</property>
<companent name="C-C_JC">
<implement.java class="1C" />
<property name="P-JC" source="P_C"/>
</component>
<wire source="5-C" target="C-C_IC/S-IC" />
<wire source="C-C_JC/R-JC" target="R-C" />

</composite>

Fig.4

<composite hame="P">

<service name=“S-P” />

<component name=“C1-P_C">
<implement.composite name="C" />
<property name="P-C”">overwriting value</property>

</component>

<component name=“C2-P_Q">
<implement.composite name="0" />

</component>

<wire source="C1-P_C/R-C” target="C2-P_0O/S-0" />

<wire source=“S-P” target="C1-P_C/S-C" />

</composite>
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REFACTORING DEVICE, REFACTORING
METHOD AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2012/053589 filed Feb. 9, 2012, claiming
priority based on Japanese Patent Application No. 2011-
033166 filed Feb. 18, 2011, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a refactoring device, a
refactoring method, and a program and in particular, relates to
a refactoring device, a refactoring method, and a program for
relocating program components of a system.

BACKGROUND ART

In recent years, a design concept of software called service
oriented architecture (SOA) is drawing attention with
progress of distributed computing technology. In SOA, pro-
gram components, each providing a bundle of general func-
tions, are operated independently. The functions are pre-
sented outside as a service. A target system is built with these
services cooperating with each other. The cooperation
between the program components is specified simply with an
interface of the service provided by each program compo-
nent. Therefore, independence, maintainability, and reusabil-
ity of each program component are improved.

As a concrete method for obtaining software according to
the concept of SOA, service component architecture (SCA) is
known.

SCA is the method for obtaining software in which a sys-
tem is built focusing on a component (or component element)
which is an instance of'a program component and a service (or
service element) which is a function provided by the compo-
nent. As other elements than a component and a service, a
reference (or reference element), a wiring (or wiring ele-
ment), a property (or property element) and a composite (or
composite element) or the like are also used.

The detailed specification of SCA is described in non-
patent literature 1, for example.

Here, taking SCA as an example, a specification of such
program modularization which has high reusability in a
method for obtaining a system by combination of program
components will be described.

FIG. 35 is a diagram showing elements defined in SCA.

In FIG. 35, acomponent 301 is an element that specifies an
instance of an executable program component. The compo-
nent 301 includes implementation of a program component
and setting required for the execution thereof. For example,
the implementation is specified by a program described using
a language such as Java (registered trademark) or C++, and
the setting is specified by an element such as a service 302, a
reference 303, and a property 304 of the component 301.
Here, the service 302 is an element that specifies a function
provided by the component 301. The reference 303 is an
element that specifies the service consumed by the compo-
nent 301. The property 304 is an element that specifies a
variable and a value thereof used by the component 301 when
it is executed.

A composite 310 is an element that specifies a combination
of'these elements. The composite 310 may include a plurality
of components 301 and wirings 315, 316 in the interior
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thereof. The wirings 315, 316 are clements that specify a
connection between an element requiring a service and an
element providing the service. Cooperation among a plurality
of program components, which are the characteristics of
SOA, is expressed by connecting the reference 303 and the
service 302 with a wiring between components 301.

The composite 310 itself may be reused for an implemen-
tation of other components (the composite 310 can use an
instance of other composite 310 as a component).

The composite 310 may include a service 312 in the inte-
rior thereof. By doing this, it is possible to specify a service
that can be provided when the composite 310 is instantiated as
a component. The service 312 included in the composite is
provided by the service 302 of the component 301 included in
the composite 310. These services 302 and 312 are connected
by the wiring 315 in the composite 310.

The composite 310 may include a reference 313 in the
interior thereof. By doing this, it is possible to specify a
service consumed when the composite 310 is instantiated as a
component. The reference 313 is used when the service con-
sumed by the component 301 included in the composite 310
is provided outside the composite 310. In this case, the refer-
ence 303 of the component 301 that consumes the service and
the reference 313 of the composite 310 are connected by the
wiring 316 in the composite 310.

An interface may be specified for the service 312 and the
reference 313 of the composite 310. By doing this, it is pos-
sible to control application of the wiring, considering func-
tionality that can be provided by the service 312 and func-
tionality required by the reference 313.

The composite 310 may include a property 314 in the
interior thereof. By doing this, it is possible to specify a
property that can indicate a value when the composite is
instantiated as a component. The property 314 included in the
composite can be referred from the component 301 as a value
of the property 304 of the component 301 included in the
composite 310. By doing this, it is possible to set a value of the
property 314 ofthe component 301 included in the composite
310 on a component using the composite 310 as an imple-
mentation. A type of a value may be specified for the property
314. By doing this, it is possible to control reference setting is
permitted or not, considering compatibility between the type
of'a value required by the referring property and the type of a
value provided by the referred propriety.

The mechanism to inject a function or data on which a
program component depends from the outside, such as the
mechanism of a reference or referring to a property described
above, is generally called dependency injection (DI). The
dependency injection is drawing attention as a method for
improving a reusability of a program component, particularly
in recent years.

In the method for obtaining a system by combination of
program components such as SCA, the target system can be
effectively built, based on many general and fine-grained
program components, by gathering components or services
as composites and further gathering the composites as higher
order composites, using the mechanism of DI.

By the way, in the method for obtaining a system by the
combination of program components, generally, the neces-
sary elements are not always stored in the suitable composite
from the beginning of the design. It is necessary to perform
refactoring and to adjust locations of the elements included in
a program component as same as other programming meth-
ods.

For example, a composite A that provides a service receiv-
ing two integers and displaying the sum of them with easily
viewable format to a user is considered. The composite A has
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acomponent S that calculates the sum and a component P that
displays it with easily viewable format to the user. Here, it is
found that a similar function can be provided for other calcu-
lations by changing the component S into another component,
for example, a component M for multiplication. In this case,
the reusability of the composite A can be improved by extract-
ing a part that uses the service of the component S in the
composite A as areference and changing the composite A into
acomposite that displays a calculated result with easily view-
able format in combination with an arbitrary calculation com-
ponent.

However, in case the composite including the component
to be relocated is already used as an implementation of a
component in other composite, or in case the component to be
relocated is connected with other services or references, the
user needs to perform adjustments of elements other than the
component to be relocated, such as adding a component and
adding a wiring for connecting the added component, so that
the refactoring does not affect the functionality of the whole
system.

Note that, in patent literature 1, as a related art in a tech-
nology regarding the refactoring support in system develop-
ment using the combination of program components, a
method removing a code of a function that is not used is
described.

CITATION LIST
Patent Literature

[Patent literature 1] Japanese Patent Application Laid-Open
No. 2007-122187

Non-Patent Literature

[Non-patent literature 1] SCA Service Component Architec-
ture, Assembly Model Specification, SCA Version 1.00,
Mar. 15, 2007, http://osoa.org/download/attachments/35/
SCA_AssemblyModel_V100.pdf? version=1

SUMMARY OF INVENTION
Technical Problem

As mentioned above, in the method for obtaining a system
by the combination of program components, when relocating
program components in refactoring, a user needs to modify
definitions of the program components in order to maintain
functionality of the whole program. Particularly, when the
program component to be relocated is intricately related to
other program components, many complicated modifications
are required. It causes a problem that a work cost of refactor-
ing is increased and a possibility of performing mis-modifi-
cation is increased.

An object of the present invention is to solve the problem
mentioned above, and to provide a refactoring device to facili-
tate relocation of the program components in a method for
obtaining a system by combining program components.

Solution to Problem

A refactoring device according to an exemplary aspect of
the invention includes: a composite information storage
means for storing a plurality of composites each including, as
an element, a component which defines predetermined pro-
cessing or a use of an instance of other composite, a service
which defines a function provided, a reference which defines
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a function used, and a wiring which defines a function pro-
viding relation among a component, a service, and a refer-
ence; a relocation means for moving a target component
included in a second composite with a first composite as a
moving destination and the second composite as a moving
source, the second composite used as an instance by a com-
ponent included in the first composite, the first composite and
the second composite being among the plurality of compos-
ites, or moving a target component included in the first com-
posite with the first composite as a moving source and the
second composite as a moving destination; and a complement
means for performing complement process after moving the
target component when there is a wiring between the element
and the target component in the moving source, the comple-
ment process adding a service or a reference into the second
composite, setting a wiring which connects the added service
or reference and the element into the moving source compos-
ite, and setting a wiring which connects the added service or
reference and the moved target component into the moving
destination composite.

A refactoring method according to an exemplary aspect of
the invention includes: storing a plurality of composites each
including, as an element, a component which defines prede-
termined processing or a use of an instance of other compos-
ite, a service which defines a function provided, a reference
which defines a function used, and a wiring which defines a
function providing relation among a component, a service,
and a reference; moving a target component included in a
second composite with a first composite as a moving desti-
nation and the second composite as a moving source, the
second composite used as an instance by a component
included in the first composite, the first composite and the
second composite being among the plurality of composites,
or moving a target component included in the first composite
with the first composite as a moving source and the second
composite as a moving destination; and performing comple-
ment process after moving the target component when there is
a wiring between the element and the target component in the
moving source, the complement process adding a service or a
reference into the second composite, setting a wiring which
connects the added service or reference and the element into
the moving source composite, and setting a wiring which
connects the added service or reference and the moved target
component into the moving destination composite.

A computer readable storage medium according to an
exemplary aspect of the invention, records thereon a program,
causing a computer to perform a method including: storing a
plurality of composites each including, as an element, a com-
ponent which defines predetermined processing or a use of an
instance of other composite, a service which defines a func-
tion provided, a reference which defines a function used, and
a wiring which defines a function providing relation among a
component, a service, and a reference; moving a target com-
ponent included in a second composite with a first composite
as a moving destination and the second composite as a mov-
ing source, the second composite used as an instance by a
component included in the first composite, the first composite
and the second composite being among the plurality of com-
posites, or moving a target component included in the first
composite with the first composite as a moving source and the
second composite as a moving destination; and performing
complement process after moving the target component when
there is a wiring between the element and the target compo-
nent in the moving source, the complement process adding a
service or a reference into the second composite, setting a
wiring which connects the added service or reference and the
element into the moving source composite, and setting a
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wiring which connects the added service or reference and the
moved target component into the moving destination com-
posite.

Advantageous Effect of the Invention

An advantageous effect of the present invention is that it is
possible to facilitate relocation of the program components in
a method for obtaining a system by combining program com-
ponents.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A block diagram showing a characteristic configu-
ration of a first exemplary embodiment of the present inven-
tion.

FIG. 2 A block diagram showing a configuration of a refac-
toring system to which a refactoring device 100 according to
the first exemplary embodiment of the present invention is
applied.

FIG. 3 A diagram showing a description example of com-
posite definition information with an XML format.

FIG. 4 A diagram showing another description example of
the composite definition information with an XML format.

FIG. 5 A diagram showing a description example of the
composite definition information with a graphical format.

FIG. 6 A diagram showing another description example of
the composite definition information with a graphical format.

FIG. 7 A diagram showing still another description
example of the composite definition information with a
graphical format.

FIG. 8 A flow chart showing the outline of refactoring
processing according to the first exemplary embodiment of
the present invention.

FIG. 9 A flow chart showing the outline of the refactoring
processing according to the first exemplary embodiment of
the present invention (continuation of FIG. 8).

FIG. 10 A flow chart showing the details of complement
processing regarding relocation of a component element to an
upper level composite according to the first exemplary
embodiment of the present invention.

FIG. 11 A diagram showing an example of composite
definition information regarding relocation of a component
element to an upper level composite according to the first
exemplary embodiment of the present invention.

FIG. 12 A flow chart showing the details of the complement
processing regarding relocation of a service element to an
upper level composite according to the first exemplary
embodiment of the present invention.

FIG. 13 A diagram showing an example of composite
definition information regarding relocation of a service ele-
ment to an upper level composite according to the first exem-
plary embodiment of the present invention.

FIG. 14 A flow chart showing the details of the complement
processing regarding relocation of a reference element to an
upper level composite according to the first exemplary
embodiment of the present invention.

FIG. 15 A diagram showing an example of composite
definition information regarding relocation of a reference
element to an upper level composite according to the first
exemplary embodiment of the present invention.

FIG. 16 A flow chart showing the details of the complement
processing regarding relocation of a property element to an
upper level composite according to the first exemplary
embodiment of the present invention.

FIG. 17 A diagram showing an example of composite
definition information regarding relocation of a property ele-
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ment to an upper level composite according to the first exem-
plary embodiment of the present invention.

FIG. 18 A flow chart showing the details of the complement
processing regarding relocation of a component element to a
lower level composite according to the first exemplary
embodiment of the present invention.

FIG. 19 A diagram showing an example of composite
definition information regarding relocation of a component
element to a lower level composite according to the first
exemplary embodiment of the present invention.

FIG. 20 A block diagram showing a configuration of a
refactoring system to which a refactoring device 100 accord-
ing to a second exemplary embodiment of the present inven-
tion is applied.

FIG. 21 A diagram showing an example of complement
information according to the second exemplary embodiment
of the present invention.

FIG. 22 A flow charts showing the outline of refactoring
processing according the second exemplary embodiment of
the present invention.

FIG. 23 A flow chart showing the outline of the refactoring
processing according the second exemplary embodiment of
the present invention (continuation of FIG. 22).

FIG. 24 A flow chart showing the details of modification
processing regarding relocation of an element to an upper
level composite according to the second exemplary embodi-
ment of the present invention.

FIG. 25 A diagram showing an example of composite
definition information regarding relocation of an element
(other than a property element) to an upper level composite
according to the second exemplary embodiment of the
present invention.

FIG. 26 A diagram showing an example of composite
definition information regarding relocation of an element (a
property element) to an upper level composite according to
the second exemplary embodiment of the present invention.

FIG. 27 A flow chart showing the details of the modifica-
tion processing regarding relocation of an element to a lower
level composite according to the second exemplary embodi-
ment of the present invention.

FIG. 28 A diagram showing an example of composite
definition information regarding relocation of an element
(other than a property element) to a lower level composite
according to the second exemplary embodiment of the
present invention.

FIG. 29 A diagram showing an example of composite
definition information regarding relocation of an element (a
property element) to a lower level composite according to the
second exemplary embodiment of the present invention.

FIG. 30 A block diagram showing a configuration of a
refactoring system to which a refactoring device 100 accord-
ing to a third exemplary embodiment of the present invention
is applied.

FIG. 31 A diagram showing an example of composite
definition information regarding the encapsulation process-
ing and the expand processing according to the third exem-
plary embodiment of the present invention.

FIG. 32 A flow chart showing encapsulation processing
according to the third exemplary embodiment of the present
invention.

FIG. 33 A flow chart showing expand processing according
to the third exemplary embodiment of the present invention.

FIG. 34 A diagram showing an example of composite
definition information regarding the expand processing
according to the third exemplary embodiment of the present
invention.

FIG. 35 A diagram showing elements defined in SCA.
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DESCRIPTION OF EMBODIMENTS

First Exemplary Embodiment

Next, a first exemplary embodiment of the present inven-
tion will be described.

First, a configuration of'the first exemplary embodiment of
the present invention will be described. FIG. 2 is a block
diagram showing a configuration of a refactoring system to
which a refactoring device 100 according to the first exem-
plary embodiment of the present invention is applied.

Referring to FIG. 2, the refactoring system according to the
first exemplary embodiment of the present invention includes
the refactoring device 100 and a user terminal 200. The refac-
toring device 100 includes a relocation unit 111, a comple-
ment unit 112, and a composite information storage unit 113.
The relocation unit 111 and the user terminal 200 are com-
municably connected via a network or the like.

Here, composite definition information that is information
about a configuration of a program component is stored in the
composite information storage unit 113.

The relocation unit 111 receives a refactoring request from
the user terminal 200, performs relocation (movement) of
elements that included in a program component according to
the refactoring request, updates the composite definition
information, and presents the definition information after
update to a user.

When the refactoring request is received from the user
terminal 200, the relocation unit 111 determines whether the
refactoring is performable or not and performs relocation
(movement) of the elements for the request judged to be
performable.

When the relocation (movement) of the elements by the
relocation unit 111 is completed, the complement unit 112
complements elements in such a way that functionality of the
whole program, which is a refactoring target, is maintained.

Further, the refactoring device 100 may be a computer that
includes a CPU and a storage medium storing a program and
operates by the control based on the program.

Next, a specific example of composite definition informa-
tion is indicated. FIG. 3 and FIG. 4 are diagrams showing a
description example of the composite definition information
with an XML format. FIG. 3 is definition information regard-
ing composite C, and FIG. 4 is definition information regard-
ing a composite P.

In FIG. 3, as for the definition information of a composite,
the whole is enclosed with composite tags, and the name of
the composite is defined with a name attribute of the compos-
ite tag. Here, a composite of the name C is defined. In the
composite C, a service element, a reference element, a prop-
erty element, a component element, and two wiring elements
are described. These elements show a service, a reference, a
property, a component, and wirings of the composite C.

The service element is enclosed with service tags, and the
name of the service is defined with a name attribute of the
service tag. In FIG. 3, the service of the name S-C is defined.

The reference element is enclosed with reference tags, and
the name of the reference is defined with a name attribute of
the reference tag. In FIG. 3, the reference of the name R-C is
defined.

For the service element and the reference element
described in the composite, an interface of the element may
be specified using an interface tag.

The property element is enclosed with property tags, the
name of the property is defined with a name attribute of the
property tag, and a value of the property is defined with a body

10

15

20

25

30

35

40

45

50

55

60

65

8

element. In FIG. 3, the property of the name P-C is defined,
and “sample value” is specified as the value.

For the property element, a type of the property element
may be specified using a type attribute. In FIG. 3, “string”
showing that the type is a character string is specified in the
type attribute.

The component element is enclosed with the component
tags, and the name of the component is defined by a name
attribute of the component tag. In FIG. 3, the component of
the name C-C_JC is defined. In the component element, an
implement element is included and a program component that
is an implementation of the component is specified. In FIG. 3,
an element enclosed with implement.java tags is the imple-
ment element. In this case, the implementation of the com-
ponent C-C_JC is described in Java language, and Java class
of'the name JC is specified with a class attribute of the imple-
ment.java tag as the implementation.

The implement element in the component element may
include elements of a service, a reference, and a property like
a composite. In the component element, an instance of these
elements is defined. The instance is defined using a service
tag, areference tag, and a property tag like a definition of each
element in a composite. The instance of the element is speci-
fied by setting a value identical with the value of the name
attribute of each element of the implement element, in the
name attribute of these tags. In FIG. 3, Java class JC, which is
the implement element of the component C-C_JC, has a
property P-JC. The instance of the property P-JC is defined
with the property tag in the component C-C_JC.

The instance of each element of the implement element in
the component element may be related with the instance of
other element in the composite including the component. For
example, the service of the implement element may be used
by the instance of other element in the composite, and the
service required by the reference of the implement element
may be provided by the instance of other element in the
composite.

The value of the instance of the property of the implement
element in the component element may be specified in the
component element. In this case, it may be specified that the
value of the property of the implement element refers to the
property element defined in the composite including the com-
ponent. In FIG. 3, the property P-JC in the component
C-C_JC is referring to the property P-C in the composite C,
and “sample value” which is the value of the property P-C is
specified as the value of the property P-JC.

The wiring element is enclosed with a wire tags, a connec-
tion source of the wiring is defined with a source attribute, and
a connection destination of the wiring is defined with a target
attribute of the wire tag. When the value of the source attribute
or the target attribute includes “/”, a part in front of ““/”” shows
a component name, and a part after “/”” shows a name of a
service or a reference of an implement element in the com-
ponent. In FIG. 3, the wiring that connects the service S-C and
the service S-JC of the component C-C_JC (not illustrated)
and the wiring that connects the reference R-JC of the com-
ponent C-C_JC (not illustrated) and the reference R-C are
defined.

In FIG. 4, a composite P includes a service S-P, a compo-
nent C1-P_C and a component C2-P_O.

Here, in the component C1-P_C, acomposite C is specified
as an implement element (it is specified to use an instance of
a composite C as the component C1-P_C). Thus, when a
composite is specified as an implement element of a compo-
nent, an implement.composite tag is used, and a composite
name of the composite that is an implementation of the com-
ponent is specified with the name attribute.
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Similarly, in the component C2-P_O, a composite O (not
illustrated) is specified as an implement element. Here, the
composite O has a service S-O (not illustrated).

In the component C1-P_C, a property element is specified
and an “overwriting value” is specified as a value of the
property P-C defined in the composite C that is the implement
element of the component C1-P_C.

The composite P further includes a wiring that connects the
reference R-C of the component C1-P_C and the service S-O
of the component C2-P_O and a wiring that connects the
service S-P and service S-C in the component C1-P_C.

At the time of execution of the composite P, the composite
C is instantiated as the component C1-P_C and the Java class
JC is instantiated as the component C-C_JC of the composite
C. To the property P-C of the composite C, the value “over-
writing value” specified in the component C1-P_C is set. In
the property element in the component C-C_JC of the com-
posite C, the value of the property P-JC in Java class JC,
which is the implement element, refers to the property P-C.
Therefore, the “overwriting value” is set to the value of the
property P-C in the object of the instantiated Java class JC. A
service requested by the composite C as the reference R-C is
provided by the service S-O of the composite O in the com-
posite P.

Thus, the Java class JC, the composite C and the composite
O, which are program components, are combined, and the
value or the service required by each composite, that is, the
dependency between composites is solved. Thereby, the
executable and more specific service S-P is obtained. When
the dependency is not solved, the composite is not instanti-
ated or an error is outputted when the program is executed. In
this case, the service cannot be provided.

In the first exemplary embodiment of the present invention,
a refactoring request that the relocation unit 111 receives
from the user terminal 200 is a request for a relocation of
elements between composites. The refactoring request
includes, in addition to information indicating the relocation
of elements between composites, a name of a composite of
the relocation source, a name of an element of the relocation
target, and a name of the composite of the relocation destina-
tion. For example, a character string of “replace C2-P_O P C”
or the like may be used as such a request.

For example, when the refactoring request is “replace
C1-P_OPC”, the relocation of elements between composites
is to delete the component C1-P_O from the composite P, and
add this to the composite C. When such operation is per-
formed, the above-mentioned dependency between compos-
ites may not be solved. The complementation of an element
by the complement unit 112 according to the first exemplary
embodiment of the present invention is to add an element to
each composite appropriately after relocating elements in
such a way that the dependency is solved continuously.

FIG. 5 and FIG. 6 are diagrams showing description
examples of the composite definition information with a
graphical format. FIG. 5 and FIG. 6 correspond to the com-
posite C of FIG. 3 and the composite P of FIG. 4, respectively.

In FIG. 5 and FIG. 6, a composite and a component are
expressed by a rectangle shape with rounded corners, respec-
tively. A service of the composite or an implement element of
the component is expressed with a shape located over the left
side of the composite or the component. A reference of the
composite or the implement element of the component is
expressed with a shape located over the right side of the
composite or the component. A property of the composite or
the implement element of the component is expressed with a
rectangle located over the upper side of the composite or the
component. A wiring is expressed with a line that connects
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elements. A reference relationship of properties is expressed
with a line that connects properties. The name of each element
is shown in the element.

FIG. 7 is a diagram showing another description example
of the composite definition information with a graphical for-
mat. Hereinafter, as shown in FIG. 7, the definition informa-
tion of a composite, and other composite that is an implement
element of a component included in the composite are shown
on the same diagram. In this case, the definition information
of'the other composite which is the implement element of the
component is located in the rectangle of the component, the
name of the other composite is shown in “()”. In FIG. 7, the
definition information of the composite C is located in the
rectangle of the component C1-P_C in the definition infor-
mation of the composite P.

Note that, hereinafter, when an implement element of a
component included in a composite A is a composite B, the
composite A is an upper level composite of the composite B,
and the composite B is a lower level composite of the com-
posite A.

Next, operation of the refactoring device 100 according to
the first exemplary embodiment of the present invention will
be described.

<Outline of Refactoring Processing>

FIG. 8 and FIG. 9 are flow charts showing the outline of
refactoring processing according to the first exemplary
embodiment of the present invention. Here, the outline of
refactoring processing is described, and the details of the
complement processing depending on a relocation target ele-
ment are described later.

When the relocation unit 111 receives a refactoring request
from the user terminal 200 (Step S1000), the relocation unit
111 reads out the definition information of the relocation
source composite and the definition information of the relo-
cation destination composite stored in the composite infor-
mation storage unit 113 (Step S1001). The relocation unit 111
determines, on the basis of the read out definition informa-
tion, whether the refactoring according to the refactoring
request is performable. Here, the relocation unit 111 confirms
whether the refactoring request satisfies a predetermined con-
dition (Step S1002). The predetermined condition is, for
example, satisfying all of the following conditions: the
received refactoring request includes the name of the reloca-
tion source composite, the name of the relocation target ele-
ment, and the name of the relocation destination composite;
the definition information of the relocation source composite
and the definition information of the relocation destination
composite are stored in the composite information storage
unit 113, and the relocation target element is included in the
relocation source composite; and regarding the relation
between the relocation destination composite and the reloca-
tion source composite, one is the upper level composite of
another one. Otherwise, it is determined that the refactoring is
not performable.

When the refactoring request does not satisfy the condition
(Step S1002/NO), the relocation unit 111 notifies the user of
rejecting the refactoring request (Step S1018), and ends the
refactoring processing.

When the refactoring request satisfies the condition (Step
S1002/YES), the relocation unit 111 determines whether the
relocation destination composite is an upper level composite
or a lower level composite of the relocation source composite
(Step S1003).

When the relocation destination composite is an upper
level composite of the relocation source composite (Step
S1003/UPPER LEVEL), the relocation unit 111 determines



US 9,092,234 B2

11

which of a component, a service, a reference and a property is
the relocation target element (Step S1004).

When the relocation target element is a component (Step
S1004/COMPONENT), the relocation unit 111 deletes the
component element of the relocation target from the defini-
tion information of the relocation source (lower level) com-
posite and adds (relocates) it to the definition information of
the relocation destination (Upper level) composite, according
to the refactoring request (Step S1005).

The complement unit 112 complements the element
regarding the relocation into the upper level composite of the
component (Step S1006).

The relocation unit 111 stores the definition information of
the relocation source composite and the definition informa-
tion of the relocation destination composite updated, as a
result of the relocation and the complement, into the compos-
ite information storage unit 113 (Step S1007), notifies it to the
user terminal 200 (Step S1008), and ends the refactoring
processing.

When the relocation target element is a service in Step
S1004 (Step S1004/SERVICE), the relocation unit 111
deletes the service element of the relocation target from the
definition information of the relocation source (lower level)
composite and adds (relocates) it into the definition informa-
tion of the relocation destination (upper level) composite,
according to the refactoring request (Step S1009).

The complement unit 112 complements the element
regarding the relocation into the upper level composite of the
service (Step S1010), and proceeds to Step S1007.

When the element of the relocation target is a reference in
Step S1004 (Step S1004/REFERENCE)), the relocation unit
111 deletes the reference element of the relocation target from
the definition information of the relocation source (lower
level) composite and adds (relocates) it into the definition
information of the relocation destination (upper level) com-
posite, according to the refactoring request (Step S1011).

The complement unit 112 complements the element
regarding the relocation into the upper level composite of the
reference (Step S1012), and proceeds to Step S1007.

When the element of the relocation target is a property in
Step S1004 (Step S1004/PROPERTY), the relocation unit
111 deletes the property element of the relocation target from
the definition information of the relocation source (lower
level) composite and adds (relocates) it into the definition
information of the relocation destination (upper level) com-
posite, according to the refactoring request (Step S1013).

The complement unit 112 complements the element
regarding the relocation into the upper level composite of the
property (Step S1014), and proceeds to Step S1007.

On the other hand, when the relocation destination com-
posite is a lower level composite of the relocation source
composite in Step S1003 (Step S1003/LOWER LEVEL), the
relocation unit 111 determines whether the relocation target
element is a component (Step S1015).

When the element of the relocation target is a component
(Step S1015/COMPONENT), the relocation unit 111 deletes
the component element of the relocation target from the defi-
nition information of the relocation source (upper level) com-
posite and adds (relocates) it into the definition information of
the relocation destination (lower level) composite, according
to the refactoring request (Step S1016).

The complement unit 112 complements the element
regarding the relocation into the lower level component of the
component (Step S1017), and proceeds to Step S1007.

When the element of the relocation target is not a compo-
nent in Step S1015 (Step S1015/OTHER THAN COMPO-
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NENT), the relocation unit 111 proceeds to Step S1018 and
ends the refactoring processing.

Next, the details of the complement processing depending
on a relocation target element will be described.

<Relocation of Component Element to Upper Level Com-
posite>

FIG. 10 is a flow chart showing the details of the comple-
ment processing (Step S1006) regarding relocation of a com-
ponent element to an upper level composite according to the
first exemplary embodiment of the present invention. FIG. 11
is a diagram showing an example of composite definition
information regarding relocation of a component element to
an upper level composite according to the first exemplary
embodiment of the present invention.

Here, the complement processing is described as an
example of the case where a relocation target component
C-C_Oincluded in a relocation source composite C shown in
the state (a) of FIG. 11 is relocated to an upper level relocation
destination composite P as shown in the state (b) of the FIG.
11.

The complement unit 112 determines whether there is a
wiring (a wiring C_S-0O) specifying a service S-O of the
relocation target component C-C_O as a connection destina-
tion, in the definition information of the relocation source
composite C (Step S1201).

When there is such a wiring C_S-O (Step S1201/EXIST),
the complement unit 112 adds a reference R2-C having the
same interface as that of the service S-O into the definition
information of the relocation source composite C for each of
all services S-O specified as a connection destination (Step
S1202). The complement unit 112, for each of all wirings
C_S-0O specifying the service S-O as a connection destina-
tion, changes the connection destination to the added refer-
ence R2-C (Step S1203).

The complement unit 112 adds a wiring connecting the
reference R2-C of the component C-P_C using the composite
C as an implement element and the service S-O of the relo-
cation target component C-C_QO, into the definition informa-
tion of the relocation destination composite P (Step S1204),
and proceeds to Step S1205.

In Step S1201, when there is no such a wiring C_S-O (Step
S1201/NOT EXIST), the complement unit 112 proceeds to
Step S1205.

Next, the complement unit 112 determines whether there is
a wiring (a wiring R-O_C) specifying a reference R-O of the
relocation target component C-C_O as a connection source,
in the definition information of the relocation source compos-
ite C (Step S1205).

When there is such a wiring R-O_C (Step S1205/EXIST),
the complement unit 112 adds a service S2-C having the same
interface as that of the reference R-O into the definition infor-
mation of the relocation source composite C for each of all
references R-O specified as a connection source (Step
S1206). The complement unit 112, for each of all wirings
R-O_C specifying the reference R-O as a connection source,
changes the connection source to the added service S2-C
(Step S1207).

The complement unit 112 adds a wiring connecting the
service S2-C of the component C-P_C using the composite C
as an implement element and the reference R-O of the relo-
cation target component C-C_QO, into the definition informa-
tion of the relocation destination composite P (Step S1208),
and proceeds to Step S1209.

In Step S1205, when there is no such a wiring R-O_C (Step
S1205/NOT EXIST), the complement unit 112 proceeds to
Step S1209.



US 9,092,234 B2

13

Next, the complement unit 112 determines whether there is
an instance of a property P-O referring to a property P-C of
the relocation source composite C in the relocation target
component C-C_O, with reference to the definition informa-
tion of the relocation destination composite P (Step S1209).

When there is such an instance of a property P-O (Step
S1209/EXIST), the complement unit 112 determines whether
there is an upper level property P-P in the definition informa-
tion of the relocation destination composite P, for each of all
of such instances of properties P-O (Step S1210). Here, the
upper level property P-P is a property specified as a reference
destination of an instance of the property P-C in the compo-
nent C-P_C using the relocation source composite C in the
relocation destination composite P as an implement element.

When there is no such an upper level property P-P (Step
S1210/NOT EXIST), the complement unit 112 adds the prop-
erty P-P having the same type as that of the property P-C into
the definition information of the relocation destination com-
posite P (Step S1211). The complement unit 112 changes the
reference destination of the instance of the property P-C in the
component C-P_C into the added property P-P, in the defini-
tion information of the relocation destination composite P
(Step S1212). The complement unit 112 changes the refer-
ence destination of the instance of the property P-O in the
relocation target component C-C_O into the added property
P-P (Step S1213), and ends the complement processing.

In Step S1210, when there is such an upper level property
P-P (Step S1210/EXIST), the complement unit 112 changes
the reference destination of the instance of the property P-O in
the relocation target component C-C_O into the property P-P,
in the definition information of the relocation destination
composite P (Step S1213), and ends the complement process-
ing.

The definition information of each composite, as the result
of this, is shown as the state (¢) of FIG. 11.

In Step S1209, when there is no such an instance of the
property P-O referring to the property P-C of the relocation
source composite C (NOT EXIST in Step S1209), the
complement unit 112 ends the complement processing.

<Relocation of Service Element to Upper Level Compos-
ite>

FIG. 12 is a flow chart showing the details of the comple-
ment processing (Step S1010) regarding relocation of a ser-
vice element to an upper level composite according to the first
the first exemplary embodiment of the present invention. FIG.
13 is a diagram showing an example of composite definition
information regarding relocation of a service element to an
upper level composite according to the first exemplary
embodiment of the present invention.

Here, the complement processing is described as an
example of the case where a relocation target S-C included in
arelocation source composite C shown in the state (a) of FIG.
13 is relocated to an upper level relocation destination com-
posite P as shown in the state (b) of FIG. 13.

The complement unit 112 adds the service S2-C having the
same interface as that of the relocation target service S-C into
the definition information of the relocation source composite
C (Step S1301). The complement unit 112, for each of all
wiring elements specifying the relocation target service S-C
as a connection source, changes the connection source into
the added service S2-C, in the relocation source composite C
(Step S1302). The complement unit 112 adds a wiring con-
necting the service S2-C of a component C-P_C using the
composite C as an implement element and the service S-C
into the definition information of the relocation destination
composite P (Step S1303).
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The definition information of each composite, as the result
of'this, is shown as the state (¢) of FIG. 13.

<Relocation of Reference Element to Upper Level Com-
posite>

FIG. 14 is a flow chart showing the details of the comple-
ment processing (Step S1012) regarding relocation of a ref-
erence element to an upper level composite according to the
first exemplary embodiment of the present invention. FIG. 15
is a diagram showing an example of composite definition
information regarding relocation of a reference element to an
upper level composite according to the first exemplary
embodiment of the present invention.

Here, the complement processing is described as an
example of the case where a relocation target R-C included in
arelocation source composite C shown in the state (a) of FIG.
15 is relocated to an upper level relocation destination com-
posite P as shown in the state (b) of FIG. 15.

The complement unit 112 adds the reference R2-C having
the same interface as that of the relocation target reference
R-C into the definition information of the relocation source
composite C (Step S1401). The complement unit 112, for
each of all wiring elements specifying the relocation target
reference R-C as a connection destination, changes the con-
nection destination into the added reference R2-C, in the
relocation source composite C (Step S1402). The comple-
ment unit 112 adds a wiring connecting the reference R2-C of
a component C-P_C using the composite C as an implement
element and the reference R-C into the definition information
of the relocation destination composite P (Step S1403).

The definition information of each composite, as the result
of'this, is shown as the state (¢) of FIG. 15.

<Relocation of Property Element to Upper Level Compos-
ite>

FIG. 16 is a flow chart showing the details of the comple-
ment processing (Step S1014) regarding relocation of a prop-
erty element to an upper level composite according to the first
exemplary embodiment of the present invention. FIG. 17 is a
diagram showing an example of composite definition infor-
mation regarding relocation of a property element to an upper
level composite according to the first exemplary embodiment
of the present invention.

Here, the complement processing is described as an
example of the case where a relocation target P-C included in
arelocation source composite C shown in the state (a) of FIG.
17 is relocated to an upper level relocation destination com-
posite P as shown in the state (b) of FIG. 17.

The complement unit 112 adds the property P2-C having
the same type as that ofthe relocation target property P-C into
the definition information of the relocation source composite
C (Step S1501). The complement unit 112, for each of all
property elements specifying the relocation target property
P-C as a reference destination among property elements in a
component of the relocation source composite C, changes the
reference destination into the added property P2-C (Step
S1502). When there is no instance of the property P2-C in a
component C-P_C using the composite C as an implement
element, the complement unit 112 adds it into the component
C-P_C, and sets the relocated property P-C into the reference
destination of the added instance, in the definition informa-
tion of the relocation destination composite P (Step 1503).

The definition information of each composite, as the result
of'this, is shown as the state (¢) of FIG. 17.

<Relocation of Component Element to Lower Level Com-
posite>

FIG. 18 is a flow chart showing the details of the comple-
ment processing (Step S1017) regarding relocation of a com-
ponent element to a lower level composite according to the
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first exemplary embodiment of the present invention. FIG. 19
is a diagram showing an example of composite definition
information regarding relocation of a component element to a
lower level composite according to the first exemplary
embodiment of the present invention.

Here, the complement processing is described as an
example of the case where a relocation target component
C-P_C included in a relocation source composite P shown in
the state (a) of FIG. 19 is relocated to a lower level relocation
destination composite O as shown in the state (b) of FIG. 19.

The complement unit 112 determines whether there is a
wiring (a wiring P_S-C) specifying a service S-C of the
relocation target component C-P_C as a connection destina-
tion, in the definition information of the relocation source
composite P (Step S1601).

When there is such a wiring P_S-C (Step S1601/EXIST),
the complement unit 112 adds a service S-O having the same
interface as that of the service S-C into the definition infor-
mation of the relocation destination composite O for each of
all services S-C specified as the connection destinations (Step
S1602). The complement unit 112 adds a wiring connecting
the added service S-O and the service S-C of the relocation
target component C-P_C (Step S1603). The complement unit
112, for each of all wirings P_S-C specitfying the service S-C
as a connection destination, changes the connection destina-
tion into the service S-O of a component C2-P_O using the
relocation destination composite O as an implement element,
in the definition information of the composite P (Step S1604),
and proceeds to Step S1605.

In Step S1601, when there is no such a wiring P_S-C (Step
S1601/NOT EXIST), the complement unit 112 proceeds to
Step S1605.

Next, the complement unit 112 determines whether there is
a wiring (a wiring R-C_P) specifying a reference R-C of the
relocation target component C-P_C as a connection source, in
the relocation source composite P (Step S1605).

When there is such a wiring R-C_P (Step S1605/EXIST),
the complement unit 112 adds a reference R-O having the
same interface as that of the reference R-C into the definition
information of the relocation destination composite O for
each of all references R-C specified as a connection source
(Step S1606). The complement unit 112 adds a wiring con-
necting the added reference R-O and the reference R-C of the
relocation target component C-P_C (Step S1607). The
complement unit 112, for each of all wirings R-C_P specify-
ing the reference R-C as a connection source, changes the
connection source into the reference R-O of a component
C2-P_O using the relocation destination composite O as an
implement element, in the definition information of the com-
posite P (Step S1608), and proceeds to Step S1609.

In Step S1605, when there is no such a wiring R-C_P (Step
S1605/NOT EXIST), the complement unit 112 proceeds to
Step S1609.

Next, the complement unit 112 determines whether there is
an instance of a property P-C referring to a property P-P of the
relocation source composite P in the relocation target com-
ponent C-P_C, referring to the definition information of the
relocation destination composite O (Step S1609).

When there is such an instance of a property P-C (Step
S1609/EXIST), the complement unit 112 adds a property P-O
having the same type as that of the property P-C into the
definition information of the relocation destination compos-
ite O, for each of all of such instances of properties P-C (Step
S1610). The complement unit 112 changes the reference des-
tination of the instance of the property P-C into the added
property P-O, in the relocation target component C-P_C (Step
S1611). The complement unit 112, changes the reference
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destination of the instance of the property P-O in the compo-
nent C2-P_O into the property P-P, in the definition informa-
tion of the relocation source composite P (Step S1612) and
ends the complement processing.

The definition information of each composite, as the result
of'this, is shown as the state (¢) of FIG. 19.

In Step S1609, when there is no such a property P-C refer-
ring to the property P-P in the relocation source composite P
(Step S1609/NOT EXIST), the complement unit 112 ends the
complement processing.

Thus, the operation of the refactoring device 100 according
to the first exemplary embodiment of the present invention is
completed.

Next, a characteristic configuration of the first exemplary
embodiment of the present invention will be described. FIG.
1 is a block diagram showing a characteristic configuration of
the first exemplary embodiment of the present invention.

Referring to FIG. 1, a refactoring device 100 includes a
composite information storage unit 113, a relocation unit 111,
and a complement unit 112.

The composite information storage unit 113 stores a plu-
rality of composites each including, as an element, a compo-
nent which defines predetermined processing or a use of an
instance of other composite, a service which defines a func-
tion provided, a reference which defines a function used, and
a wiring which defines a function providing relation among a
component, a service, and a reference.

Therelocation unit 111 moves a target component included
in a second composite with a first composite as a moving
destination and the second composite as a moving source, the
second composite used as an instance by a component
included in the first composite, the first composite and the
second composite being among the plurality of composites,
or moves a target component included in the first composite
with the first composite as a moving source and the second
composite as a moving destination.

The complement unit 112 performs complement process
after moving the target component when there is a wiring
between the element and the target component in the moving
source. Here, the complement process adds a service or a
reference into the second composite, sets a wiring which
connects the added service or reference and the element into
the moving source composite, and sets a wiring which con-
nects the added service or reference and the moved target
component into the moving destination composite.

According to the first exemplary embodiment of the
present invention, in the method of obtaining a system by
combining program components, the program components
can be relocated easily. The reason is that the complement
unit 112, when relocation of a component between an upper
level and a lower level composite is performed by the reloca-
tion unit 111, performs complement processing. The comple-
ment processing adds at least one of a service and a reference
to the lower level composite, and changes a wiring in the
upper level composite and the lower level composite in such
away that a function provided by a service included in each of
the upper level and the lower level composites is maintained.

Second Exemplary Embodiment

Next, a second exemplary embodiment of the present
invention will be described.

The second exemplary embodiment of the present inven-
tion is different from the first exemplary embodiment of the
present invention in a point that a redundant element and
useless dependency caused by the complement processing
are deleted from the composite definition information. Note



US 9,092,234 B2

17

that, in the second exemplary embodiment of the present
invention, the same reference signs as the first exemplary
embodiment of the present invention are used for the same
units as the first exemplary embodiment of the present inven-
tion, and a detailed description thereof is omitted.

First, a configuration of the second exemplary embodiment
of the present invention will be described. FIG. 20 is a block
diagram showing a configuration of a refactoring system to
which arefactoring device 100 according to the second exem-
plary embodiment of the present invention is applied.

Referring to FIG. 20, the refactoring device 100 according
to the second exemplary embodiment ofthe present invention
includes a modification unit 121 and a complement informa-
tion storage unit 122 in addition to the configuration of the
refactoring device 100 according to the first exemplary
embodiment of the present invention.

The complement information storage unit 122 stores
complement information that indicates an element added by a
complement unit 112 in relocation of an element. FIG. 21 is a
diagram showing an example of complement information
according to the second exemplary embodiment of the
present invention. As shown in FIG. 21, the complement
information includes a composite name, an element class, and
an element ID. Here, as the element ID, a value of a name
attribute can be used ifthe element has the name attribute, and
a connected value of a source attribute and a target attribute
can be used if the element is a wire element.

The modification unit 121 modifies composite definition
information in such a way that a redundant element and a
useless dependency caused by complement processing are
deleted, with reference to the complement information of the
complement information storage unit 122.

In the second exemplary embodiment of the present inven-
tion, a relocation unit 111 further accepts a request to end
refactoring as a refactoring request from the user. For a
request to end the refactoring, a character string of “quit” or
the like may be used, for example.

Next, operation of the refactoring device 100 according to
the second exemplary embodiment of the present invention
will be described.

FIG. 22 and FIG. 23 are flow charts showing the outline of
refactoring processing according the second exemplary
embodiment of the present invention. In FIG. 22 and FIG. 23,
the same reference signs as FIG. 8 and FIG. 9 are used for the
same operations as the first exemplary embodiment, and a
detailed description thereof is omitted.

In the second exemplary embodiment of the present inven-
tion, when an element is added to the composite definition
information in the complement processing (Steps S1006,
S1010, S1012, S1014, and S1017) by the complement unit
112, information on the element is recorded in the comple-
ment information storage unit 122 as complement informa-
tion. After the complement processing by the complement
unit 112, modification processing of the composite definition
information by the modification unit 121 is performed.
According to the second exemplary embodiment of the
present invention, a refactoring request is accepted repeatedly
until an end request of refactoring is received from the user.

When a refactoring request is received from a user terminal
200, the relocation unit 111 determines whether the refactor-
ing request is an end request or not (Step S2001). When it is
an end request (Step S2001/YES), the relocation unit 111
deletes the complement information stored in the comple-
ment information storage unit 122 (Step S2002) and ends the
processing.

In Step S2001, when it is not an end request (Step S2001/
NO), the relocation unit 111 proceeds to Step S1001.
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After the complement processing (Steps S1006, S1010,
S1012, S1014, and S1017) by the complement unit 112, the
modification unit 121 performs modification processing
(Steps S2003 and S2004) of the composite definition infor-
mation. Here, the modification unit 121 acquires an element
added in the complement processing, with reference to the
complement information in the complement information
storage unit 122.

Therelocation unit 111 waits a refactoring request from the
user after Step S1008, and returns to Step S1000.

Next, the details of the modification processing (Steps
S2003 and S2004) of the composite definition information
will be described.

<Relocation to Upper Level Composite>

FIG. 24 is a flow chart showing the details of the modifi-
cation processing (Step S2003) regarding relocation of an
element to an upper level composite according to the second
exemplary embodiment of the present invention. FIG. 25 and
FIG. 26 are diagrams showing examples of composite defi-
nition information regarding relocation of an element to an
upper level composite according to the second exemplary
embodiment of the present invention. Note that, regarding
composite definition information, an element other than a
property (FIG. 25) and a property element (FIG. 26) are
shown separately, in order to avoid complexity.

Here, as shown in the state (a) of FIG. 25 and the state (a)
of FIG. 26, the modification processing of composite defini-
tion information is described for the case where a component
C-C_O, aservice S-C, and a reference R-C in a composite C
are relocated to an upper level composite P.

InFIG. 25 and F1G. 26, an element shown with a dotted line
is an element added in the complement processing. For
example, a service S1-C is an element complemented in the
relocation of the service S-C. A service R1-C is an element
complemented in the relocation of the reference R-C. A prop-
erty P1-C is an element complemented in the relocation of a
property P-C. A service S2-C, a reference R2-C, and a prop-
erty P-P are elements complemented in the relocation of the
component C-C_O.

The modification unit 121 determines whether there is a
wiring (a wiring X1) connecting a reference element and an
added service element in complementation in the definition
information of the relocation source composite (Step S2101).
When there is such a wiring X1 (Step S2101/EXIST), the
modification unit 121 deletes the wiring X1 (Step S2102).

For example, in the state (a) of FIG. 25, the modification
unit 121 deletes the wiring (corresponding to the wiring X1)
connecting the reference R1-C and the service S2-C added in
complementation, from the relocation source composite C.

The modification unit 121 determines whether there is an
element (an element X2) connecting with an instance of the
reference element that is a connection destination of the
deleted wiring X1 in the definition information of the reloca-
tion destination composite (Step S2103). When there is such
an element X2 (Step S2103/EXIST), the modification unit
121 detects a reference element of the relocation target com-
ponent which is connected with the instance of the service
element which is the connection source of the deleted wiring
X1 in the definition information of the relocation destination
composite. The modification unit 121 adds a wiring connect-
ing the detected reference element and the element X2 (Step
S2104), and proceeds to Step S2105.

When there is no such an element X2 in Step S2103 (Step
S2103/NOT EXIST) or when there is no such a wiring X1 in
Step S2101 (Step S2101/NOT EXIST), the modification unit
121 proceeds to Step S2105.
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For example, in the state (a) of FIG. 25, the modification
unit 121 adds a wiring connecting the reference R-C (corre-
sponding to an element X2) connected with an instance of the
reference R1-C and the reference R-O of'the relocation target
component C-C_O connected with the instance of the service
S2-C.

Next, the modification unit 121 determines whether there is
a wiring (a wiring X3) connecting a service element and an
added reference element in complementation in the definition
information of the relocation source composite (Step S2105).
When there is such a wiring X3 (Step S2105/EXIST), the
modification unit 121 deletes the wiring X3 (Step S2106).

For example, in the state (a) of FIG. 25, the modification
unit 121 deletes the wiring (corresponding to the wiring X3)
connecting the service S1-C and the reference R2-C added in
complementation, from the relocation source composite C.

The modification unit 121 determines whether there is an
element (an element X4) connecting with an instance of the
service element that is a connection source of the deleted
wiring X3 in the definition information of the relocation
destination composite (Step S2107). When there is such an
element X4 (Step S2107/EXIST), the modification unit 121
detects a service element of the relocation target component
which is connected with the instance of the reference element
which is the connection destination of the deleted wiring X3
in the definition information of the relocation destination
composite. The modification unit 121 adds a wiring connect-
ing the detected service element and the element X4 (Step
S2108), and proceeds to Step S2109.

When there is there is no such an element X4 in Step S2107
(Step S2107/NOT EXIST) or when there is no such a wiring
X3 in Step S2105 (Step S2105/NOT EXIST), the modifica-
tion unit 121 proceeds to Step S2109.

For example, in the state (a) of FIG. 25, the modification
unit 121 adds a wiring connecting the service S-C (corre-
sponding to the element X4) connected with an instance of the
service S1-C and the service S-O in the relocation target
component C-C_O connected with the instance of the refer-
ence R2-C.

The states of the relocation source and destination com-
posites, as the result of this, are shown as the state (b) of FIG.
25.

Next, the modification unit 121 determines whether there is
a service element or a reference element whose wiring to be
connected is lost, or a reference element which is not referred
in the definition information of the relocation source compos-
ite (Step S2109). When there is such an element (Step S2109/
EXIST), the modification unit 121 deletes the element from
the definition information of the relocation source composite.
The modification units 121 further deletes the instance of the
deleted element and the wiring connected with the instance of
the deleted element, from the definition information of the
relocation destination composite (Step S2110), and ends the
modification processing.

When there is no such an element in Step S2109 (Step
S2109/NOT EXIST), the modification unit 121 ends the
modification processing.

For example, in the state (b) of FIG. 25, the service S1-C,
the service S2-C, the reference R1-C, and the reference R2-C,
which are the elements in the relocation source composite C,
do not have a wiring to be connected. Therefore, these ele-
ments are deleted. In the state (a) of FIG. 26, if the property
P1-C and the property P2-C are not referred, these elements
are deleted. The modification unit 121 deletes the wiring
connected with the deleted service element or the reference
element, from the relocation destination composite P.
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The states of the relocation source and destination com-
posites, as the result of this, are shown as the state (¢) of FIG.
25 and the state (b) of FIG. 26.

Note that, in Step S2110, if an element to be deleted is not
an element added by complement processing, the modifica-
tion unit 121 may delete the element after receiving a confir-
mation from the user.

<Relocation to Lower Level Composite>

FIG. 27 is a flow chart showing the details of the modifi-
cation processing (Step S2004) regarding relocation of an
element to a lower level composite according to the second
exemplary embodiment of the present invention. FIG. 28 and
FIG. 29 are diagrams showing examples of composite defi-
nition information regarding relocation of an element to a
lower level composite according to the second exemplary
embodiment of the present invention. Note that, regarding
composite definition information, an element other than a
property (FIG. 28) and a property element (FIG. 29) are
shown separately, in order to avoid complexity.

Here, as shown in the state (a) of FIG. 28 and the state (a)
of FIG. 29, the modification processing of composite defini-
tion information is described for the case where a component
C-P_O in the composite P is relocated to a lower level com-
posite C. Note that, it is assumed that, in the relocation source
composite P, a service S-O and a reference R-O of the com-
ponent C-P_O were connected with a service S-P and a ref-
erence R-P of the composite P, respectively.

InFIG. 28 and F1G. 29, an element shown with a dotted line
is an element added in the complement processing. For
example, a service S1-C, a reference R1-C, and a property
P2-C are the elements complemented in the relocation of the
component C-P_O.

Further, the composite C includes other component
C-C_02, and an instance of a service S-O2 of the component
C-C_02 and an instance of a reference R-O2 are connected
with a service S2-C and a reference R2-C of the composite C,
respectively. In the composite P, an instance of the service
S2-C and an instance of the reference R2-C are connected
with the service S-P and the reference R-P of the composite P,
respectively. In the composite C, an instance of the property
P-O2 of a composite O2 is referring to a property P1-C of the
composite C. In the composite P, an instance of the property
P1-C of the composite C is referring to a property P-P of the
composite P.

The modification unit 121 determines whether there is a
service (a service X6) whose connection source of the
instance in the relocation source composite is the same as that
of'an added source (a service X5) in complementation, in the
definition information of the relocation destination compos-
ite (Step S2201). When there is such a service X6 (Step
S2201/EXIST), the modification unit 121 deletes the service
X5 from the definition information of the relocation destina-
tion composite, and deletes the instance of the service X5 and
a wiring connected with the instance of the service X5 from
the definition information of the relocation source composite
(Step S2202). The modification unit 121 changes the connec-
tion source of the wiring connected with the service X5 into
the service X6, in the relocation destination composite (Step
S2203), and proceeds to Step S2204. When there is no such a
service X6 (Step S2201/NOT EXIST), the modification unit
121 proceeds to Step S2204.

For example, in the state (a) of FIG. 28, the connection
source (service S-P) of the instance of the service S1-C (cor-
responding to the service X5) in the relocation source com-
posite P is the same as the connection source of the instance
of'the service S2-C (corresponding to the service X6). There-
fore, the modification unit 121 deletes the service S1-C in the
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relocation destination composite C. The modification unit
121 deletes the instance of the service S1-C and the wiring
connected therewith from the relocation source composite P.
The modification unit 121 changes the connection source of
the wiring connected with the service S1-C into the service
S2-C, in the relocation destination composite C.

Next, the modification unit 121 determines whether there is
a reference (a reference X8) whose connection destination of
the instance in the relocation source composite is the same as
that of an added reference (a reference X7) in complementa-
tion, in the definition information of the relocation destination
composite (Step S2204). When there is such a reference X8
(Step S2204/EXIST), the modification unit 121 deletes the
reference X7 from the definition information of the relocation
destination composite, and deletes the instance of the refer-
ence X7 and a wiring connected with the instance of the
reference X7, from definition information of the relocation
source composite (Step S2205). The modification unit 121
changes the connection destination of the wiring connected
with the reference X7 into the reference X8, in the relocation
destination composite (Step S2206), and proceeds to Step
S2207. When there is no such a reference X8 (Step S2204/
NOT EXIST), the modification unit 121 proceeds to Step
S2207.

For example, in the state (a) of FIG. 28, the connection
destination (reference R-P) of the instance of the reference
R1-C (corresponding to the reference X7) in the relocation
source composite P is the same as the connection destination
of the instance of the reference R2-C (corresponding to the
reference X8). Therefore, the modification unit 121 deletes
the reference R1-C from the relocation destination composite
C. The modification unit 121 deletes the instance of the ref-
erence R1-C and the wiring connected therewith from the
relocation source composite P. The modification unit 121
changes the connection destination of the wiring connected
with the reference R1-C into the reference R2-C, in the relo-
cation destination composite C.

Next, the modification unit 121 determines whether there is
a property (a property X10) whose reference destination of
the instance in the relocation source composite is the same as
that of an added property (a property X9) in complementa-
tion, in the definition information of the relocation destination
composite (Step S2207). When there is such a property X10
(Step S2207/EXIST), the modification unit 121 deletes the
property X9 in the definition information of the relocation
destination composite, and deletes the instance of the prop-
erty X9, from the definition information of the relocation
source composite (Step S2208). The modification unit 121
changes the reference destination of the instance of the prop-
erties referring to the property X9 into the property X10, in
the relocation destination composite (Step S2209), and ends
the modification processing. When there is no such a property
X10 (Step S2207/NOT EXIST), the modification unit 121
ends the modification processing.

For example, in the state (a) of FIG. 29, the reference
destination (property P-P) of the instance of the property
P2-C (corresponding to the property X9) in the relocation
source composite P is the same as the reference destination of
the instance of the property P1-C (corresponding to the prop-
erty X10). Therefore, the modification unit 121 deletes the
property P2-C from the relocation destination composite C.
The modification unit 121 changes the reference destination
of the instance of the property P-O referring to the property
P2-C to the property P1-C, from the relocation destination
composite C.
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The states of the relocation source and destination com-
posites, as the result of this, are shown as the state (b) of FIG.
28 and the state (b) of FIG. 29.

Note that, when an element added in complementation is
deleted in Steps S2003 and S2004, the modification unit 121
also deletes the element from the complement information
stored in the complement information storage unit 122.

Thus, the operation of the refactoring device 100 according
to the second exemplary embodiment of the present invention
is completed.

According to the second exemplary embodiment of the
present invention, in the method of obtaining a system by
combining program components, a composite after reloca-
tion of the program components can be modified to a com-
posite that is simple and has a high maintainability. The
reason is that the complement processing unit 112 deletes a
redundant element and a useless dependency remaining in the
relocation source composite, caused by complement process-
ing.

Third Exemplary Embodiment

Next, a third exemplary embodiment of the present inven-
tion will be described.

The third exemplary embodiment of the present invention
is different from the first exemplary embodiment of the
present invention in a point of performing encapsulation pro-
cessing for encapsulating a composite and performing
expand processing for expanding an encapsulated compo-
nent. Note that, in the third exemplary embodiment of the
present invention, the reference signs as the first exemplary
embodiment of the present invention are used for the same
units as the first exemplary embodiment of the present inven-
tion, and a detailed description thereof is omitted.

Here, the encapsulation processing and the expand pro-
cessing according to the third exemplary embodiment of the
present invention will be described. FIG. 31 is a diagram
showing an example of composite definition information
regarding the encapsulation processing and the expand pro-
cessing according to the third exemplary embodiment of the
present invention.

The composite encapsulation is an operation that generates
a new composite of the same definition information as an
encapsulation target composite and replaces all components
in the encapsulation target composite with a component using
the generated composite as an implement element.

The composite encapsulation is used, for example, in order
to prevent influence of relocation to composite definition
information of an upper level composite when a component
included in definition information of a composite needs to be
extracted from the composite by the relocation.

For example, when a composite C includes a component
C-C_O as shown in the state (a) of FIG. 31, and the compo-
nent C-C_O needs to be extracted from the composite C by
relocation, encapsulation processing is performed using the
composite C as an encapsulation target composite. In this
case, as shown in the state (b) of FIG. 31, a composite CI of
the same definition information as the composite C is gener-
ated, and the component C-C_O in the composite C is
replaced with the component C-C_CI using the generated
composite CI as an implement element. Then, by relocating
the component C-C_O of the composite CI to the upper level
composite C of the composite CI, the definition information
of the composite CI, from which the component C-C_O is
extracted, is obtained without influencing on the upper level
composite of the composite C.
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The component expanding is an operation that replaces an
expand target component with components included in a
composite that is an implement element of the component.

The component expanding is used, for example, in order to
delete a redundant composite layer caused by relocation of a
component, or in order to restore a state of an encapsulated
composite to a state before the encapsulation.

For example, when a composite Cl is a redundant layer as
shown in the state (b) of FIG. 31 as the result of relocation of
acomponent C-C_O from a composite C to the composite CI,
the expand processing is performed using a component
C-C_Cl as an expand target component. In this case, as shown
in the state (a) of FIG. 31, the component C-C_Cl is replaced
with the component C-C_O included in the composite CI.

Next, a configuration of the third exemplary embodiment
of the present invention will be described. FIG. 30 is a block
diagram showing a configuration of a refactoring system to
which a refactoring device 100 according to the third exem-
plary embodiment of the present invention is applied.

Referring to FIG. 30, the refactoring device 100 according
to the third exemplary embodiment of the present invention
includes an encapsulation unit 131 in addition to the configu-
ration of the refactoring device 100 according to the first
exemplary embodiment of the present invention.

When a relocation unit 111 receives an encapsulation
request or an expand request from the user terminal 200, an
encapsulation unit 131 performs encapsulation processing or
expand processing.

The encapsulation request includes a name of an encapsu-
lation target composite in addition to information indicating a
request of composite encapsulation. For example, a character
string of “capsule C” or the like may be used for the encap-
sulation request.

The expand request includes the name of the expand target
component and a name of a composite including the compo-
nent in addition to information indicating a request of com-
ponent expanding. For example, a character string of “expand
P C-P_C” or the like may be used for the expand request.

Next, an operation of the refactoring device 100 according
to the third exemplary embodiment of the present invention
will be described.

<Encapsulation Processing>

First, the encapsulation processing according to the third
exemplary embodiment of the present invention will be
described. FIG. 32 is a flow chart showing the encapsulation
processing according to the third exemplary embodiment of
the present invention.

Here, the encapsulation processing will be described in the
case where a composite C is an encapsulation target compos-
ite, in the state (a) of the FIG. 31.

When the relocation unit 111 receives an encapsulation
request of a composite (Step S3100), the encapsulation unit
131 reads definition information of the encapsulation target
composite stored in the composite information storage unit
113 (Step S3101). The encapsulation unit 131 generates a
composite of the different name having the same definition
information as the encapsulation target composite and stores
it in the composite information storage unit 113 (Step S3102).

The encapsulation unit 131 deletes all composites and wir-
ings, from the definition information of the encapsulation
target composite (Step S3103). The encapsulation unit 131
adds a component using the generated composite of the dif-
ferent name as an implement element into the definition infor-
mation of the encapsulation target composite (Step S3104).
The encapsulation unit 131 adds wirings connecting the ser-
vices and references with services and references of the same
name of the added component, respectively, into the defini-
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tion information of the encapsulation target composite (Step
S3105). The encapsulation unit 131 sets properties of the
same name of the encapsulation target composite into refer-
ence destinations of instances of properties in the added com-
posite, respectively, in the definition information of the
encapsulation target composite (Step S3106). The encapsu-
lation unit 131 stores the definition information of the encap-
sulation target composite in the composite information stor-
age unit 113 (Step S3107).

For example, in the state (a) of FIG. 31, the encapsulation
unit 131 generates a composite CI having the same definition
information as the composite C and deletes a component
C-C_O from the composite C. The encapsulation unit 131
adds a component C-C_Cl using the generated composite CI
as an implement element into the composite C. The encapsu-
lation unit 131 adds a wiring connecting a service S-C with an
instance of a service S-C of the component C-C_CI, and a
wiring connecting a reference R-C with an instance of a
reference R-C of the component C-C_CI. The encapsulation
unit 131 sets a property P-C of the composite C into a refer-
ence destination of an instance of a property P-C of the
component C-C_CI.

The states of the relocation source and destination com-
posites, as the result of this, are shown as the state (b) of FIG.
31.

<Expand Processing>

Next, the expand processing according to the third exem-
plary embodiment of the present invention will be described.
FIG. 33 is a flow chart showing the expand processing accord-
ing to the third exemplary embodiment of the present inven-
tion. FIG. 34 is a diagram showing an example of composite
definition information regarding the expand processing
according to the third exemplary embodiment of the present
invention.

Here, the expand processing will be described in the case
where a component C-P_C in a composite P is an expand
target component, in the state (a) of the FIG. 34.

When the relocation unit 111 receives an expand request of
a component (Step S3200), the encapsulation unit 131 reads
definition information of the composite (an expand target
composite) which is an implement element of the expand
target component and definition information of a composite
(an expand destination composite) including the expand tar-
get component, stored in the composite information storage
unit 113 (Step S3201). The encapsulation unit 131 deletes the
expand target component, from the definition information on
the expand destination composite (Step S3202). The encap-
sulation unit 131 adds components included in the expand
target composite and wirings connecting services and refer-
ences of the components, into the expand destination com-
posite (Step S3203).

For example, as shown in the state (b) of FIG. 34, the
component C-P_C is deleted from the composite P. A com-
ponent C1-C_O and a component C2-C_O2 are added. A
wiring connecting a reference R2-O and a service S-O2 is
added.

Next, the encapsulation unit 131 determines whether there
is a wiring whose connection destination is an instance of a
service of the expand target composite, in the definition infor-
mation of the expand destination composite (Step S3204).
When there is such a wiring (Step S3204/EXIST), the encap-
sulation unit 131 deletes the wiring (Step S3205). The encap-
sulation unit 131 extracts an element connected to a service
that is a connection destination of the deleted wiring, from the
definition information of the expand target composite. The
encapsulation unit 131 adds a wiring connecting the connec-
tion source of the deleted wiring and the instance of the



US 9,092,234 B2

25

extracted element into the definition information of the
expand destination composite (Step S3206), and proceeds to
Step S3207.

In Step S3204, when there is no such a wiring (Step S3204/
NOT EXIST), the encapsulation unit 131 proceeds to Step
S3207.

For example, in the state (b) of FIG. 34, a wiring connect-
ing a service S-P and a service S-C in the composite P is
deleted. A wiring connecting the service S-P and a service
S-O is added.

Next, the encapsulation unit 131 determines whether there
is a wiring whose connection source is an instance of a ref-
erence of the expand target composite, in the definition infor-
mation of the expand destination composite (Step S3207).
When there is such a wiring (Step S3207/EXIST), the encap-
sulation unit 131 deletes the wiring (Step S3208). The encap-
sulation unit 131 extracts an element connected to a reference
that is a connection source of the deleted wiring, from the
definition information of the expand target composite. The
encapsulation unit 131 adds a wiring connecting the connec-
tion destination of the deleted wiring and the instance of the
extracted element into the definition information of the
expand destination composite (Step S3209), and proceeds to
Step S3210.

In Step S3207, when there is no such a wiring (Step S3207/
NOT EXIST), the encapsulation unit 131 proceeds s to Step
S3210.

For example, in the state (b) of FIG. 34, a wiring connect-
ing a reference R1-P and a reference R1-C and a wiring
connecting a reference R2-P and a reference R2-C are
deleted. A wiring connecting the reference R1-P and a refer-
ence R1-O and a wiring connecting the reference R2-P and a
reference R-O2 are added.

Next, the encapsulation unit 131 determines whether there
is a property (a property P1) in the definition information of
the expand target composite (Step S3210). When there is the
property P1 (Step S3210/EXIST), the encapsulation unit 131
determines, for each of all properties P1, whether an instance
of the property P1 is referring to a property P2 of the expand
destination composite, in definition information on the
expand destination composite (Step S3211). When the prop-
erty P1 is referring to the property P2 (Step S3211/YES), the
encapsulation unit 131 changes the reference destination of
all instances referring to the property P1 among instances of
properties in the added component in Step S3203 into the
property P2, in the definition information of the expand des-
tination composite (Step S3212), and proceeds to Step S3214.

In Step S3211, when the property P1 is not referring to the
property P2 (Step S3211/NO), the encapsulation unit 131
adds the property P1 into the expand destination composite
(Step S3213), and proceeds to Step S3214.

In Step S3210, when there is not the property P1 (Step
S3210/NOT EXIST), the encapsulation unit 131 proceeds to
Step S3214.

For example, in the state (a) of FIG. 34, an instance of a
property P-C of the component C-P_C is referring to a prop-
erty P-P of the composite P. In the state (b) of FIG. 34, the
reference destination of an instance of a property P-O in the
component C1-C_O referring to the property P-C is changed
into the property P-P.

There may be a case that, in the state (a) of FIG. 34, the
instance of the property P-C in the component C-P_C is not
referring to the property P-P of the composite P. In this case,
in the state (b) of FI1G. 34, the property P-C is added into the
composite P, and the reference destination of the instance of
the property P-O is kept to the property P-C.
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The encapsulation unit 131 stores the definition informa-
tion of the expand destination composite in the composite
information storage unit 113 and ends the expand processing
(Step S3214).

Thus, the operation of the refactoring device 100 according
to the third exemplary embodiment of the present invention is
completed.

According to the third exemplary embodiment of the
present invention, even if an upper level composite of a refac-
toring target composite exists, refactoring can be performed
without influencing on the definition information of the upper
level composite. The reason is that the encapsulation unit 131
performs encapsulation of the refactoring target composite
using a new composite having the same definition informa-
tion as the refactoring target composite.

According to the third exemplary embodiment of the
present invention, a redundant layer of a composite caused by
relocation of a component can be deleted, and a state of an
encapsulated composite is restored to a state before the
encapsulation. The reason is that the encapsulation unit 131
expands an expand target component using a component of a
composite which is an implement element of the expand
target component.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.

For example, in the exemplary embodiment of the present
invention, the configuration and the operation were described
with the composite definition information as shown in FIG. 3
and FIG. 4. The similar effect is obtained when the present
invention is applied to other development system using a
program component defined by the similar elements to a
component element, service element, a reference element,
and a wiring element.

A part or the whole of the above-described exemplary
embodiment can be described as, but not limited to, the fol-
lowing supplementary notes.

(Supplementary Note 1)

A refactoring device comprising:

a composite information storage means for storing a plu-
rality of composites each including, as an element, a compo-
nent which defines predetermined processing or a use of an
instance of other composite, a service which defines a func-
tion provided, a reference which defines a function used, and
a wiring which defines a function providing relation among a
component, a service, and a reference;

arelocation means for moving a target component included
in a second composite with a first composite as a moving
destination and the second composite as a moving source, the
second composite used as an instance by a component
included in the first composite, the first composite and the
second composite being among the plurality of composites,
or moving a target component included in the first composite
with the first composite as a moving source and the second
composite as a moving destination; and

a complement means for performing complement process
after moving the target component when there is a wiring
between the element and the target component in the moving
source, the complement process adding a service or a refer-
ence into the second composite, setting a wiring which con-
nects the added service or reference and the element into the
moving source composite, and setting a wiring which con-
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nects the added service or reference and the moved target
component into the moving destination composite.
(Supplementary Note 2)

The refactoring device according to supplementary note 1,
wherein

when the relocation means has moved the target compo-
nent included in the second composite with the first compos-
ite as a moving destination and the second composite as a
moving source,

in case a wiring whose connection destination is a service
of the moved target component is detected in the second
composite, the complement means adds a reference which is
connectable to the detected wiring into the second composite,
changes a connection destination of the detected wiring into
the added reference, and adds a wiring whose connection
source is the second reference and whose connection desti-
nation is the service of the moved target component into the
first composite, and

in case a wiring whose connection source is a reference of
the moved target component is detected in the second com-
posite, the complement means adds a service which is con-
nectable to the detected wiring into the second composite,
changes a connection source of the detected wiring into the
added service, and adds a wiring whose connection destina-
tion is the added service and whose connection source is the
reference of the moved target component into the first com-
posite.
(Supplementary Note 3)

The refactoring device according to supplementary note 2,
wherein

the relocation means further moves at least one of a target
service included in the second composite and a target refer-
ence included in the second composite with the first compos-
ite as a moving destination and the second composite as a
moving source,

when the relocation means has moved the target service,
the complement means adds a service which is connectable to
the moved target service into the second composite, changes
a connection source of the wiring whose connection source
was the moved target service into the added service in the
second composite, and adds a wiring whose connection
source is the moved target service and whose connection
destination is the added service into the first composite, and

when the relocation means has moved the target reference,
the complement means adds a reference which is connectable
to the moved target reference into the second composite,
changes a connection destination of the wiring whose con-
nection destination was the moved target reference into the
added reference in the second composite, and adds a wiring
whose connection source is the added reference and whose
connection destination is the moved target reference into the
first composite.
(Supplementary Note 4)

The refactoring device according to supplementary notes 2
or 3, further comprising a modification means, wherein,

after the complement process performed by the comple-
ment means,

in case a wiring whose connection source is a service
connected with a reference of the moved target component
and whose connection destination is a reference of the second
composite is detected in the second composite, the modifica-
tion means deletes the detected wiring and adds a wiring
whose connection destination is the same as that of the wiring
whose connection source is the reference of the second com-
posite and whose connection source is the reference of the
moved target component into the first composite,
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in case a wiring whose connection destination is a refer-
ence connected with a service of the moved target component
and whose connection source is a service of the second com-
posite is detected in the second composite, the modification
means deletes the detected wiring and adds a wiring whose
connection source is the same as that of the wiring whose
connection destination is the service of the second composite
and whose connection destination is the service of the moved
target component into the first composite, and

in case there is no wiring which connects a service or a
reference of the second composite and other the element of
the second composite in the second composite, the modifica-
tion means deletes the service or the reference of the second
composite and deletes the wiring which connects the service
or the reference of the second composite and the element of
the first composite from the first composite.

(Supplementary Note 5)

The refactoring device according to supplementary note 1,
further comprising an encapsulation means, wherein, before
the relocation means moves the target component included in
the second composite with the first composite as a moving
destination and the second composite as a moving source, the
encapsulation means generates the second composite that is
the same composite as the first composite, deletes a compo-
nent included in the first composite, and sets a component
which uses an instance of the second composite into the first
composite.

(Supplementary Note 6)

The refactoring device according to supplementary note 1,
wherein

when the relocation means has moved the target compo-
nent included in the first composite with the first composite as
a moving source and the second composite as a moving
destination,

in case a wiring whose connection destination is a service
of the moved target component is detected in the first com-
posite, the complement means adds a service which is con-
nectable to the detected wiring into the second composite,
changes a connection destination of the detected wiring into
the added service, and adds a wiring whose connection source
is the added service and whose connection destination is the
service of the moved target component into the second com-
posite, and

in case a wiring whose connection source is a reference of
the moved target component is detected in the first composite,
the complement means adds a reference which is connectable
to the detected wiring into the second composite, changes a
connection source of the detected wiring into the added ref-
erence, and adds a wiring whose connection destination is the
added reference and whose connection source is the reference
of the moved target component into the second composite.
(Supplementary Note 7)

The refactoring device according to supplementary note 6,
further comprising a modification means, wherein

after the complement process performed by the comple-
ment means,

in case other service whose connection source in the first
composite is the same as that of a service of the second
composite is included in the second composite, the modifi-
cation means deletes the service of the second composite and
a wiring which connects the service of the second composite
and the connection source from the first composite, and
changes the connection source of a wiring whose connection
source is the service of the second composite into the other
service in the second composite, and

in case other reference whose connection destination in the
first composite is the same as that of a reference of the second
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composite is included in the second composite, the modifi-
cation means deletes the reference of the second composite
and a wiring which connects the reference of the second
composite and the connection destination from the first com-
posite, and changes the connection destination of a wiring
whose connection destination is the reference of the second
composite into the other service in the second composite.
(Supplementary Note 8)

The refactoring device according to supplementary note 1,
further comprising an encapsulation means, wherein, after
the relocation means moved the target component included in
the first composite with the first composite as a moving source
and the second composite as a moving destination, the encap-
sulation means deletes a component using an instance of the
second composite included in the first composite, and sets a
component included in the second composite into the first
composite.

(Supplementary Note 9)

A refactoring method comprising:

storing a plurality of composites each including, as an
element, a component which defines predetermined process-
ing or ause of an instance of other composite, a service which
defines a function provided, a reference which defines a func-
tion used, and a wiring which defines a function providing
relation among a component, a service, and a reference;

moving a target component included in a second composite
with a first composite as a moving destination and the second
composite, the second composite used as an instance by a
component included in the first composite, the first composite
and the second composite being among the plurality of com-
posites, or moving a target component included in the first
composite with the first composite as a moving source and the
second composite as a moving destination; and

performing complement process after moving the target
component when there is a wiring between the element and
the target component in the moving source, the complement
process adding a service or a reference into the second com-
posite, setting a wiring which connects the added service or
reference and the element into the moving source composite,
and setting a wiring which connects the added service or
reference and the moved target component into the moving
destination composite.

(Supplementary Note 10)

A computer readable storage medium recording thereon a
program, causing a computer to perform a method compris-
ing:

storing a plurality of composites each including, as an
element, a component which defines predetermined process-
ing or ause of an instance of other composite, a service which
defines a function provided, a reference which defines a func-
tion used, and a wiring which defines a function providing
relation among a component, a service, and a reference;

moving a target component included in a second composite
with a first composite as a moving destination and the second
composite as a moving source, the second composite used as
an instance by a component included in the first composite,
the first composite and the second composite being among the
plurality of composites, or moving a target component
included in the first composite with the first composite as a
moving source and the second composite as a moving desti-
nation; and

performing complement process after moving the target
component when there is a wiring between the element and
the target component in the moving source, the complement
process adding a service or a reference into the second com-
posite, setting a wiring which connects the added service or
reference and the element into the moving source composite,

10

15

20

25

30

35

40

45

50

55

60

65

30

and setting a wiring which connects the added service or
reference and the moved target component into the moving
destination composite.

(Supplementary Note 11)

The refactoring device according to supplementary note 2,
wherein each of the plurality of composites further includes,
as the element, a property which defines a variable value
usable by a component included in the composite,

when the relocation means has moved the target compo-
nent included in the second composite with the first compos-
ite as a moving destination and the second composite as a
moving source,

in case an instance of a property of the moved target com-
ponent refers to a property of the second composite and an
instance of the property of the second composite refers to a
property of the first composite, the complement means
changes areference destination of the instance of the property
of the moved target component into the property of the first
composite,

in case an instance of a property of the moved target com-
ponent refers to a property of the second composite and an
instance of the property of the second composite does not
refer to a property of the first composite, the complement
means adds a property of the same type as that of the property
of'the second composite into the first composite and changes
reference destinations of the instance of the property of the
moved target component and the instance of the property of
the second composite into the added property of the first
composite.

(Supplementary Note 12)

The refactoring device according to supplementary note 2
or 11, wherein

each of the plurality of composites further includes, as the
element, a property which defines a variable value usable by
a component included in the composite,

the relocation means further moves a target property
included in the second composite with the first composite as
a moving destination and the second composite as a moving
source,

when the relocation means has moved the target property,
the complement means further adds a property of the same
type as that of the property of the moved target property into
the second composite, sets the moved target property in the
first composite into a reference destination of an instance of
the added property in the second composite, and changes a
reference destination of an instance whose reference destina-
tion is the target property in the second composite into the
added property in the second composite.

(Supplementary Note 13)

The refactoring device according to supplementary note 11
or 12, further comprising a modification means, wherein,
after the complement process performed by the complement
means, in case a property of the second composite is not
referred from an instance of a property of a component
included in the second composite, the modification means
deletes the property of the second composite and an reference
destination of the instance of the property of the second
composite.

(Supplementary Note 14)

The refactoring device according to supplementary note 5,
wherein, the encapsulation means generates the second com-
posite that is the same composite as the first composite,
deletes a component and a wiring included in the first com-
posite, adds a component which uses an instance of the sec-
ond composite into the first composite, and adds a wiring
connecting a service of the first composite and a correspond-
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ing service of the added component and a wiring connecting
a reference of the first composite and a corresponding refer-
ence of the added component.

(Supplementary Note 15)

The refactoring device according to supplementary note 6,
wherein

each of the plurality of composites further includes, as the
element, a property which defines a variable value usable by
a component included in the composite,

when the relocation means has moved the target compo-
nent included in the second composite with the first compos-
ite as a moving source and the second composite as a moving
destination, in case an instance of a property of the moved
target component refers to a property of the first composite,
the complement means adds a property of the same type as
that of the property of the moved target composite into the
second composite, changes reference destinations of an
instance of the property of the moved target component into
the added property of the second composite, and sets the
property of the first composite into a reference destination of
an instance of the added property of the second composite.
(Supplementary Note 16)

The refactoring device according to supplementary note
15, further comprising a modification means, wherein, after
the complement process performed by the complement
means, in case there is other property whose reference desti-
nation of an instance is the same as that of the added property
in the second composite, the modification means deletes the
added property in the second composite, and changes a ref-
erence destination of an instance of a property referring to the
added property in the second composite into the other prop-
erty.

(Supplementary Note 17)

The refactoring device according to supplementary note 8,
wherein, the encapsulation means deletes a component using
an instance of the second composite included in the first
composite, adds a component and a wiring included in the
second composite,

in case there is a wiring whose connection destination is a
service of the deleted component in the first composite, the
encapsulation means changes the connection destination of
the wiring to a service of a component included in the second
composite, the service is corresponding to the service of the
deleted component,

in case there is a wiring whose connection source is a
reference of the deleted component in the first composite, the
encapsulation means changes the connection source of the
wiring to a reference of a component included in the second
composite, the reference is corresponding to the reference of
the deleted component.

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2011-033166,
filed on Feb. 18, 2011, the disclosure of which is incorporated
herein in its entirety by reference.
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What is claimed is:

1. A refactoring device comprising:

a composite information storage unit which stores in a
memory a plurality of composites each including, as an
element, a component which defines predetermined pro-
cessing or a use of an instance of other composite, a
service which defines a function provided by the com-
posite, a reference which defines a function used by the
composite, and a wiring which defines a function pro-
viding relation among the component, the service, and
the reference;

a relocation unit stored in a memory which moves a target
component included in a second composite with a first
composite as a moving destination and the second com-
posite as a moving source, the first composite and the
second composite being among the plurality of compos-
ites, or moves a target component included in the first
composite with the first composite as a moving source
and the second composite as a moving destination, the
second composite used as an instance by a component
included in the first composite; and

a complement unit which performs complement process
after moving the target component when there is a wir-
ing between the element and the target component in the
moving source, the complement process adding a ser-
vice or a reference into the second composite, setting a
wiring which connects the added service or reference
and the element into the moving source composite, and
setting a wiring which connects the added service or
reference and the moved target component into the mov-
ing destination composite, wherein

when the relocation unit has moved the target component
included in the second composite with the first compos-
ite as a moving destination and the second composite as
a moving source,

in case a wiring whose connection destination is a service
of the moved target component is detected in the second
composite, the complement unit adds a reference which
is connectable to the detected wiring into the second
composite, changes a connection destination of the
detected wiring into the added reference, and adds a
wiring whose connection source is the added reference
and whose connection destination is the service of the
moved target component into the first composite, and

in case a wiring whose connection source is a reference of
the moved target component is detected in the second
composite, the complement unit adds a service which is
connectable to the detected wiring into the second com-
posite, changes a connection source of the detected wir-
ing into the added service, and adds a wiring whose
connection destination is the added service and whose
connection source is the reference of the moved target
component into the first composite.

2. The refactoring device according to claim 1, wherein

the relocation unit further moves at least one of a target
service included in the second composite and a target
reference included in the second composite with the first
composite as a moving destination and the second com-
posite as a moving source,
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when the relocation unit has moved the target service, the
complement unit adds a service which is connectable to
the moved target service into the second composite,
changes a connection source of the wiring whose con-
nection source was the moved target service into the
added service in the second composite, and adds a wir-
ing whose connection source is the moved target service
and whose connection destination is the added service
into the first composite, and

when the relocation unit has moved the target reference, the

complement unit adds a reference which is connectable
to the moved target reference into the second composite,
changes a connection destination of the wiring whose
connection destination was the moved target reference
into the added reference in the second composite, and
adds a wiring whose connection source is the added
reference and whose connection destination is the
moved target reference into the first composite.

3. The refactoring device according to claim 1, further
comprising a modification unit, wherein,

after the complement process performed by the comple-

ment unit,

in case a wiring whose connection source is a service

connected with a reference of the moved target compo-
nent and whose connection destination is a reference of
the second composite is detected in the second compos-
ite, the modification unit deletes the detected wiring and
adds a wiring whose connection destination is the same
as that of the wiring whose connection source is the
reference of the second composite and whose connec-
tion source is the reference of the moved target compo-
nent into the first composite,

in case a wiring whose connection destination is a refer-

ence connected with a service of the moved target com-
ponent and whose connection source is a service of the
second composite is detected in the second composite,
the modification unit deletes the detected wiring and
adds a wiring whose connection source is the same as
that of the wiring whose connection destination is the
service of the second composite and whose connection
destination is the service of the moved target component
into the first composite, and

in case there is no wiring which connects a service or a

reference of the second composite and other the element
of the second composite in the second composite, the
modification unit deletes the service or the reference of
the second composite and deletes the wiring which con-
nects the service or the reference of the second compos-
ite and the element of the first composite from the first
composite.

4. The refactoring device according to claim 1, further
comprising an encapsulation unit, wherein, before the relo-
cation unit moves the target component included in the sec-
ond composite with the first composite as a moving destina-
tion and the second composite as a moving source, the
encapsulation unit generates the second composite that is the
same composite as the first composite, deletes a component
included in the first composite, and sets a component which
uses an instance of the second composite into the first com-
posite.

5. The refactoring device according to claim 1, wherein

when the relocation unit has moved the target component

included in the first composite with the first composite as
a moving source and the second composite as a moving
destination,

in case a wiring whose connection destination is a service

of the moved target component is detected in the first
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composite, the complement unit adds a service which is
connectable to the detected wiring into the second com-
posite, changes a connection destination of the detected
wiring into the added service, and adds a wiring whose
connection source is the added service and whose con-
nection destination is the service of the moved target
component into the second composite, and

in case a wiring whose connection source is a reference of

the moved target component is detected in the first com-
posite, the complement unit adds a reference which is
connectable to the detected wiring into the second com-
posite, changes a connection source of the detected wir-
ing into the added reference, and adds a wiring whose
connection destination is the added reference and whose
connection source is the reference of the moved target
component into the second composite.

6. The refactoring device according to claim 5, further
comprising a modification unit, wherein,

after the complement process performed by the comple-

ment unit,

in case other service whose connection source in the first

composite is the same as that of a service of the second
composite is included in the second composite, the
modification unit deletes the service of the second com-
posite and a wiring which connects the service of the
second composite and the connection source from the
first composite, and changes the connection source of'a
wiring whose connection source is the service of the
second composite into the other service in the second
composite, and

in case other reference whose connection destination in the

first composite is the same as that of a reference of the
second composite is included in the second composite,
the modification unit deletes the reference of the second
composite and a wiring which connects the reference of
the second composite and the connection destination
from the first composite, and changes the connection
destination of a wiring whose connection destination is
the reference of the second composite into the other
reference in the second composite.

7. The refactoring device according to claim 1, further
comprising an encapsulation unit, wherein, after the reloca-
tion unit moved the target component included in the first
composite with the first composite as a moving source and the
second composite as a moving destination, the encapsulation
unit deletes a component using an instance of the second
composite included in the first composite, and sets a compo-
nent included in the second composite into the first compos-
ite.

8. A refactoring method executed by a processor compris-
ing:

storing a plurality of composites each including, as an

element, a component which defines predetermined pro-
cessing or a use of an instance of other composite, a
service which defines a function provided by the com-
posite, a reference which defines a function used by the
composite, and a wiring which defines a function pro-
viding relation among the component, the service, and
the reference;

moving a target component included in a second composite

with a first composite as a moving destination and the
second composite as a moving source, the first compos-
ite and the second composite being among the plurality
of composites, or moving a target component included
in the first composite with the first composite as a mov-
ing source and the second composite as a moving desti-
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nation, the second composite used as an instance by a
component included in the first composite; and

performing complement process after moving the target

component when there is a wiring between the element
and the target component in the moving source, the
complement process adding a service or a reference into
the second composite, setting a wiring which connects
the added service or reference and the element into the
moving source composite, and setting a wiring which

36

composite, adding a reference which is connectable to
the detected wiring into the second composite, changing
a connection destination of the detected wiring into the
added reference, and adding a wiring whose connection
source is the added reference and whose connection
destination is the service of the moved target component
into the first composite, and

in case a wiring whose connection source is a reference of
the moved target component is detected in the second
composite, changing a connection source of the detected

connects the added service or reference and the moved 10 irine inta the added . daddi . h
target component into the moving destination compos- Winng uio the added service, and ACAiig a Wiriig whose
ite. wherein connection destination is the added service and whose
when moving the target component included in the second COIlIleCtIOIi §0t11r:§ 1;thte referen.cte of the moved target
composite with the first composite as a moving destina- 1 OcoAmp?nen M Od © LISt Compost .e.
tion and the second composite as a moving source, 15 Are a.ito.rrllr%g thl.CG cotmprlslng. for stori 1
in case a wiring whose connection destination is a service a 00111}p051fe 1IOrMATIon § %re.lgelnzie.ans or's orllng a plu-
of'the moved target component is detected in the second rality of composites each including, as an element, a
composite, adding a reference which is connectable to component which defines predeterm.l nedproce?ssmg ora
the detected wiring into the second composite, changing ES% of an %I;Sta:.lce of ot.lzier dclo)mﬁ? site, a ser.\tllce WhECh
a connection destination of the detected wiring into the 20 N nes;‘. hI(lic Ilion prOE et' v the dcgmﬁ? sie, a Ie .et:r-
added reference, and adding a wiring whose connection ence wiich detnes a function used by the composite,
source is the added reference and whose connection and a wiring which defines a funptlon providing relation
destination is the service of the moved target component among the component, t.he service, and the refe.:rence,
into the first composite, and arelocation means for moving a target component included
in case a wiring whose connection source is a reference of 25 na §ecqnd composite witha first composite as a moving
the moved target component is detected in the second destlnatlﬂoln and gle secon.(i comé)osne as ta moglng
composite, changing a connection source of the detected source, the second ComposIie Usec as an mstance by a
wiring into the added service, and adding a wiring whose component included in the ﬁrst.comp.osne, the first com-
connection destination is the added service and whose posite and the secpnd composite being among the plu-
30 rality of composites, or moving a target component

connection source is the reference of the moved target
component into the first composite.

included in the first composite with the first composite as
a moving source and the second composite as a moving

9. A non-transitory computer readable storage medium
recording thereon a program, causing a computer to perform
a method comprising:

storing a plurality of composites each including, as an 33
element, a component which defines predetermined pro-
cessing or a use of an instance of other composite, a
service which defines a function provided by the com-
posite, a reference which defines a function used by the
composite, and a wiring which defines a function pro- 40
viding relation among the component, the service, and
the reference;

moving a target component included in a second composite
with a first composite as a moving destination and the
second composite as a moving source, the first compos- 43
ite and the second composite being among the plurality
of composites, or moving a target component included
in the first composite with the first composite as a mov-
ing source and the second composite as a moving desti-
nation, the second composite used as an instance by a 30
component included in the first composite; and

performing complement process after moving the target
component when there is a wiring between the element
and the target component in the moving source, the
complement process adding a service or a reference into 55
the second composite, setting a wiring which connects
the added service or reference and the element into the
moving source composite, and setting a wiring which
connects the added service or reference and the moved
target component into the moving destination compos- 60
ite, wherein

when moving the target component included in the second
composite with the first composite as a moving destina-
tion and the second composite as a moving source,

in case a wiring whose connection destination is a service 65
of'the moved target component is detected in the second L

destination; and

a complement means for performing complement process
after moving the target component when there is a wir-
ing between the element and the target component in the
moving source, the complement process adding a ser-
vice or a reference into the second composite, setting a
wiring which connects the added service or reference
and the element into the moving source composite, and
setting a wiring which connects the added service or
reference and the moved target component into the mov-
ing destination composite, wherein

when the relocation means have moved the target compo-
nent included in the second composite with the first
composite as a moving destination and the second com-
posite as a moving source,

in case a wiring whose connection destination is a service
of the moved target component is detected in the second
composite, the complement means adds a reference
which is connectable to the detected wiring into the
second composite, changes a connection destination of
the detected wiring into the added reference, and adds a
wiring whose connection source is the added reference
and whose connection destination is the service of the
moved target component into the first composite, and

in case a wiring whose connection source is a reference of
the moved target component is detected in the second
composite, the complement means adds a service which
is connectable to the detected wiring into the second
composite, changes a connection source of the detected
wiring into the added service, and adds a wiring whose
connection destination is the added service and whose
connection source is the reference of the moved target
component into the first composite.



